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that the duration of an atmospheric occultation (as the signal path moves from skimming the
Earth’s surface to an altitude of about 100 km) is only one to two minutes. Table 6-4 with the 5°
elevation mask ignores interference from the low elevation angle base stations, but still shows
average interference event duration of 3.8 min at the -67 dBm TRIG loss of lock threshold.
(Compared to Table 6-3 there are fewer events, 57 vs 152, but the average duration is longer.)

The impact to the IGOR space receiver is seen to be much less. Note, however, that these results
are only for the forward looking RO antenna. There will also be an aft pointing RO antenna, so
interference will occur both when the CONUS is coming into the forward looking antenna FOV
and when it is leaving the aft looking antenna FOV. Further analysis is required to determine the
interference statistics when both antennas are included.

For the case of RO receiver onboard COSMIC-2 satellite in the 520 km/24° inclined orbit, the
peak interference was found to be -88.2 dBm. This is much lower than for the 800 km/72°
inclined orbit since the satellite does not pass over the US, but only sees a few base stations on
the southern border. This level of interference is expected to cause less than 1 dB of degradation
to the TRIG receiver.

Interference results for the navigation mode GPS RX with zenith pointed antenna onboard a
LEOSAT (400 km/72° orbit) are shown in Table 6-5 (0° base station elevation mask) and Table
6-6 (5° base station elevation mask). The majority of GPS receivers used in space are small,
lightweight, low-power devices providing spacecraft 3-dimensional position and velocity as well
as timing and possibly 3-axis attitude determination. Table 6-5 and Table 6-6 show that
compared to the RO case, interference effects are much less due to the backlobes and sidelobes
of the receiving antenna facing towards the earth (and interfering base stations). Note also that no
satellite body masking is included in this case which will likely further reduce the interference.

Although LightSquared is planning to operate the base stations at a maximum EIRP of 32 dBW
per channel, the current FCC rules allow them to operate up to 42 dBW EIRP. Table 6-7, Table
6-8, Table 6-9, and Table 6-10 show the interference results if the base stations were to operate
at 42 dBW EIRP.

Terrestrial Receiver (single base station) Analysis Results

Separation distance contours for the four receivers are shown in Figure 6-10 through Figure
6-13. In these polar plots, the base station is assumed to be at the center of the plot with the 3
sector antennas oriented in the 0°, 120°, and 240° azimuth directions. The radial rings show
distance from the center (base station) in km. Contours are shown for several different
propagation models. The least conservative models are shown on the left side and the most
conservative on the right side. Note the different distance scales on the plots. In each case, the
contours are associated with the receiver interference threshold that causes 1 dB C/No drop in
the C/A-code channel. Referring to Table 6-2, these thresholds are -82 dBm (TRIG); -57 dBm
(IGOR); -54 dBm (Receiver #15); and -68 dBm (Receiver #16). Base station height is 18.3
meters and GPS rx height is 1 meter. For these heights the radio LOS distance is 22 km so a
receiver beyond 22 km is assumed not to receive interference. There is large variation in required
separation distance depending on the assumed propagation model. Free-space loss yields the
largest (most protective) separation distances: 22 km (TRIG); 4 km (IGOR); 3 km (Receiver
#15); and 14 km (Receiver #16).
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Terrestrial Receiver (multiple base station) Analysis Results
The results of this analysis are shown in Table 6-11 (redacted due to competitive sensitive data).

Table 6-1. NASA GPS Receiver Analysis Assumptions

SPACERORNE RECETVER AMALYEE

TEARESTRIAL RECEIVER ANALYSHS [SivGLE
LSO BASE STATION]

TERRESTRLAL RECEIVER AMALYSIS (MULTIPLE
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Table 6-2. Summary of JPL Conduction Testing Interference Thresholds

NASA GPS RECEIVER SUSCEPTIBIUTY TO LSQ INTERFERENCE (BASED ON JPL CONDUCTED TESTING)

NOTE: POWER LEVEL SHOWN 1S TOTAL POWER AT OUTPUT OF GPS RX PASSIVE ANTENNA {dBm)
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Figure 6-1. Ground Track of COSMIC-2 Satellite in 800 km/72° Orbit over 10-Day Sim Period
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Figure 6-2. Gain Pattern of JPL GPS RX Occultation Antenna (12-element array with 15.2 dBic
main beam pointed towards Earth limb)

105 s 75 8= Choke_Ring2(8)
120 60 0] 6.7537
\ [
10 6.5067
- [ 15] 56,4016
20 6.1077
[ 25| 5.7031
165 30| 5.1787
35| 4.5286
150 40| 3.7497
S 2.8421
S0 | 1.8087
195 | 55 0.6556
60| T -0.6083
it | 65| 19708 |
70 3.4173
S [ 75| ~4.9294
. . ] 0] | -6.4863
| 300 85| -8.0639
255 L 25, E | -e.6353

Figure 6-3. GPS Receiver Choke Ring Gain Pattern (6.75 dBic gain)
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Figure 6-4. Spaceborne GPS RX Occultation Scenario (Main beam of Array Antenna is Pointed
26.2° Below the Satellite Local Horizontal Towards the Earth Limb)

g o -
o P lpun Lo

|
|
= = Wiyt [hagaea (L0 |‘

- FNTIAATE 0. scmifblemv)
o HATA (opos e °

;

. e WAT b (o e l
! s AT A Ciinnd sl 1Y

o HA T b (g saly |

‘ S Etrmai 1A T A (rabonsbandund 11y |

1 ‘—-!_-hwlﬂhfh e r

|
- el

4 [ I ' ' ‘ " i 7] 1] i ) . ' ' » x

Figure 6-5. Comparison of Various Terrestrial Propagation Models
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[t T
Figure 6-6. Locations of GPS Receivers of the International GNSS Service (IGS). There are 58

receivers in CONUS. The IGS collects, archives, and distributes GPS data for a wide range of
applications and experiments (e.g. earth rotation, ionospheric maps, GPS/GLONASS ephemeris).
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Figure 6-7. IGS Receivers in Sothern California Area
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Figure 6-8. Locations of the 123 GPS Receivers of the SCIGN (Southern California Integrated
GPS Network. The network continuously records mm-scale movements of the Earth's crust to
estimate earthquake hazard)

Figure 6-9. Packard SCIGN Station (located in Elysian Park above downtown L.A.)
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Table 6-3. Interference Results for JPL Occultation GPS RX Onboard COSMIC-2 Satellite (800
km/72° orbit) With Earth Limb Pointed Array Antenna (0° elevation mask on base stations)

LSQ Interference Results for JPL Occultation GPS Receiver
GPS RX Onboard COSMIC-2 Satellite in 800 km/72° Orbit
Two LSQ channels per sector @ 32 dBW max EIRP per channel I
0° Elevation Mask on LSQ Base Stations l
|
Peak Interference Level =-55.1 dBm
% Time {(over
Agg Interference 10-day # of Avg Max
_ Threshold (dBm) , Interference | Duration of | Interference
RX C/No Degradation (based on . period) that
1L conduction testing) (int power at P Events 0\_fer Interferenc Ever.ll
output of GPS RX ——— 10-day sim e Event Duration
antenna) Threshold period {min) {min)
-56.000 0.003 11.000 0.112 0.367
IGOR (1 dB; C/A) -57.000 0.074 59.000 0.180 0.800
-58.000 0.217 80.000 0.390 2.167
IGOR (1 dB; P1) -59.000 0.384 93.000 0.595 3.533
-60.000 0.595 86.000 0.996 5.550
-61.000 0.829 105.000 1.137 5.767
-62.000 1.154 136.000 1.222 6.033
-63.000 1.531 156.000 1.413 7.617
-64.000 1.918 157.000 1.760 8.233
-65.000 2297 158.000 2.0%4 8.9500
-66.000 2.652 165.000 2.314 9.783
TRIG (Lost Lock; C/A & P1 & P2) -67.000 3.033 152.000 2.873 10.600
-68.000 3.414 157.000 3.131 10.750
-69.000 3.787 185.000 2.948 11.483
-70.000 4.150 153.000 3.906 11.683
-71.000 4.477 139.000 4.638 12.017
-72.000 4.800 145.000 4.767 12,433
TRIG (5 dB; P1) -73.000 5.131 147.000 5.027 12.683
TRIG (5 dB; P2) -74.000 5.452 163.000 4.817 13.350
TRIG (5 dB; C/A) -75.000 5.851 193.000 4.366 13.700
-76.000 6.262 205.000 4.3599 13.917
TRIG (3 dB; P2) -77.000 6.696 225.000 4.285 14.167
TRIG (3 dB; C/A) ; TRIG (1 dB; P2) -78.000 7.135 240.000 4.281 15.167
-79.000 7.601 257.000 4,258 16.117
TRIG (3 dB; P1) -80.000 8.084 264.000 4.409 16.717
-81.000 8.554 279.000 4.415 16.950
TRIG (1 dB; C/A & P1) -82.000 9.059 268.000 4.867 16.983
-83.000 9.491 258.000 5.297 17.083
-84.000 9.878 254.000 5.600 17.150
-85.000 10.252 266.000 5.550 17.283
-300.000 15.749 175.000 12.960 25.300
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Table 6-4. Interference Results for JPL Occultation GPS RX Onboard COSMIC-2 Satellite (800

km/72° orbit) With Earth Limb Pointed Array Antenna (5° elevation mask on base stations)

LSQ Interference Results for JPL Occultation GPS Receiver
GPS RX Onboard COSMIC Satellite in 800 km/72° Orbit

Two LSQ channels per sector @ 32 dBW max EIRP per channel

5° Elevation Mask on LSQ Base Stations

Peak Interference Level =-60.2 dBm

% Time (over

Agg Interference 10:day #of Avg Max
) Threshold (dBm) . Interference | Duration of | Interference
RX C/No Degradation (based 4 period) that
oh JBLeoRduEtIDA tEsting) (int power at H——— Events cnfrer Interferenc Ever‘\t
output of GPS RX e 10-day sim e Event Duration
antenna) Threshold period (min} {min)
-56.000 0.000 0.000 0.000 0.000
IGOR (1 dB; C/A) -57.000 0.000 0.000 0.000 0.000
-58.000 0.000 0.000 0.000 0.000
IGOR (1 dB; P1) -59.000 0.000 0.000 0.000 0.000
-60.000 0.000 0.000 0.000 0.000
-61.000 0.082 18.000 0.653 1.733
-62.000 0.236 23.000 1.478 2,983
-63.000 0.429 41.000 1.506 3.717
-64.000 0.684 57.000 1.727 5.933
-65.000 0.918 52.000 2.542 6.433
-66.000 1.210 56.000 3.111 7.033
TRIG (Lost Lock; C/A & P1 & P2) -67.000 1.502 57.000 3.795 7.983
-68.000 1.817 81.000 3.230 8.150
-69.000 2.069 76.000 3.921 8.433
-70.000 2.355 79.000 4.292 8.917
-71.000 2.655 75.000 5.097 9.583
-72.000 2.994 94.000 4.586 9.850
TRIG (5 dB; P1) -73.000 3.328 95.000 5.044 10.467
TRIG (5 dB; P2) -74.000 3.578 94.000 5.481 11.067
TRIG (5 dB; C/A) -75.000 3.844 110.000 5.032 11.450
-76.000 4.113 111.000 5.335 11.533
TRIG (3 dB; P2) -77.000 4,420 107.000 5.948 11,533
TRIG (3 dB; C/A) TRIG (1 dB; P2) -78.000 4.697 121.000 5.589 11.750
-79.000 4.982 127.000 5.649 12.750
TRIG (3 dB; P1) -80.000 5,275 128.000 5.934 13.217
-81.000 5.562 121.000 6.619 13.717
TRIG (1dB; C/A & P1) -82.000 5.853 134.000 6.290 14.083
-83.000 6.116 132.000 6.672 14.350
-84.000 6.410 143.000 6.455 14.350
-85.000 6.703 165.000 5.850 14.433
-300.000 12.180 189.000 5.280 21.683
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Table 6-5. Interference Results for JPL GPS RX Onboard LEOSAT (400 km/72° orbit) With
Zenith Pointed Choke Ring Antenna (0° elevation mask on base stations)

|

Two LSQ channels per sector @ 32 dBW max EIRP per channel

LsQ Interference Results for JPL GPS Receiver with Zenith Pointed 7 dBic Choke Ring Antenna
GPS RX Onboard LEO Satellite in 400 km/72° Orbit

0° Elevation Mask on LSQ Base Stations
Peak Interference Level =-78.1 dBm

% Time (over
Agg Interference #of )
10-day Avg Duration
RX C/No Degradation (based on Threshold (dBm) period) that Interference of Max Interferi.Tnce
JPL conduction testing) R PErS Interference RYRNS cn_ter interference EvefEDuiration
output of GPS RX 10-day sim y (min})
sntennia) Exceeds peticd Event (min)
Threshold
-56.000 0.000 0.000 0.000 0.000
IGOR (1 dB; C/A) -57.000 0.000 0.000 0.000 0.000
-58.000 0.000 0.000 0.000 0.000
IGOR (1 dB; P1) -59.000 0.000 0.000 0.000 0.000
-60.000 0.000 0.000 0.000 0.000
-61.000 0.000 0.000 0.000 0.000
-62.000 0.000 0.000 0.000 0.000
-63.000 0.000 0.000 0.000 0.000
-64.000 0.000 0.000 0.000 0.000
-65.000 0.000 0.000 0.000 0.000
-66.000 0.000 0.000 0.000 0.000
TRIG (Lost Lock; C/A & P1 & P2) -67.000 0.000 0.000 0.000 0.000
-68.000 0.000 0.000 0.000 0.000
-69.000 0.000 0.000 0.000 0.000
-70.000 0.000 0.000 0.000 0.000
-71.000 0.000 0.000 0.000 0.000
-72.000 0.000 0.000 0.000 0.000
TRIG (5 dB; P1) -73.000 0.000 0.000 0.000 0.000
TRIG (5 dB; P2) -74.000 0.000 0.000 0.000 0.000
TRIG (5 dB; C/A) -75.000 0.000 0.000 0,000 0.000
-76.000 0.000 0.000 0.000 0.000
TRIG (3 dB; P2) -77.000 0.000 0.000 0.000 0.000
TRIG (3 dB; C/A) TRIG (1 dB; P2) -78.000 0.000 0.000 0.000 0.000
-79.000 0.161 80.000 0.290 1.467
TRIG (3 dB; P1) -80.000 0.601 183.000 0.473 4.717
-81.000 1.517 364.000 0.600 8.300
TRIG (1 dB; C/A & P1) -82.000 2.980 322.000 1.332 11.533
-83.000 3.915 257.000 2.193 13.067
-84.000 4.651 290.000 2.309 13.133
-85.000 5.387 264.000 2.938 13.983
-300.000 15.327 165.000 13.377 25.167
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Table 6-6. Interference Results for JPL GPS RX Onboard LEOSAT (400 km/72° orbit) With
Zenith Pointed Choke Ring Antenna (5° elevation mask on base stations)

|

Two LSQ channels per sector @ 32 dBW max EIRP per channel

LSQ Interference Results for JPL GPS Receiver with Zenith Pointed 7 dBic Choke Ring Antenna
GPS RX Onboard LEO Satellite in 400 km/72° Orbit

5° Elevation Mask on LSQ Base Stations
Peak Interference Level =-81.3 dBm

% Time (over

Agg Interference #of .
‘ Tﬁeshold (dBm) IP‘daY Interference AvgBuaration Max Interference
RX C/No Degradation {based on period) that of
JPL conduction testing) {rot powerat Interference EvRats a\..rer Interference svEnt Dgratlon
output of GPS RX 10-day sim ) {min)
értenns) Exceeds paried Event (min)
Threshold
-56.000 0.000 0.000 0.000 0.000
IGOR (1 dB; C/A) -57.000 0.000 0.000 0.000 0.000
-58.000 0.000 0.000 0.000 0.000
IGOR (1 dB; P1) -59.000 0.000 0.000 0.000 0.000
-60.000 0.000 0.000 0.000 0.000
-61.000 0.000 0.000 0.000 0.000
-62.000 0.000 0.000 0.000 0.000
-63.000 0.000 0.000 0.000 0.000
-64.000 0.000 0.000 0.000 0.000
-65.000 0.000 0.000 0.000 0.000
-66.000 0.000 0.000 0.000 0.000
TRIG (Lost Lack; C/A & P1 & P2) -67.000 0.000 0.000 0.000 0.000
-68.000 0.000 0.000 0.000 0.000
-69.000 0.000 0.000 0.000 0.000
-70.000 0.000 0.000 0.000 0.000
-71.000 0.000 0.000 0.000 0.000
-72.000 0.000 0.000 0.000 0.000
TRIG (5 dB; P1) -73.000 0.000 0.000 0.000 0.000
TRIG (5 dB; P2) -74.000 0.000 0.000 0.000 0.000
TRIG (5 dB; C/A) -75.000 0.000 0.000 0.000 0.000
-76.000 0.000 0.000 0.000 0.000
TRIG (3 dB; P2) -77.000 0.000 0.000 0.000 0.000
TRIG (3 dB; C/A) TRIG (1 dB; P2) -78.000 0.000 0.000 0.000 0.000
-79.000 0.000 0.000 0.000 0.000
TRIG (3 dB; P1) -80.000 0.000 0.000 0.000 0.000
-81.000 0.000 0.000 0.000 0.000
TRIG {1 dB; C/A & P1) -82.000 0.147 15.000 1.407 2.383
-83.000 0.453 60.000 1.184 3.867
-84.000 1.107 55.000 2.899 7.283
-85.000 1.793 103.000 2.507 8.083
-300.000 11.515 167.000 9.929 21.450
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Table 6-7. Interference Results for RO GPS RX Onboard COSMIC-2 Satellite (800 km/72°
orbit) With Earth Limb Pointed Array Antenna (0° elevation mask on base stations/42 dBW

EIRP)
LSQ Interference Results for JPL Occultation GPS Receiver
GPS RX Onboard COSMIC Satellite in 800 km/72° Orbit I
Two L5Q channels per sector @ 42 dBW max EIRP per channel
0° Elevation Mask on L5Q Base Stations ] :
Peak Interference Level = -45.1 dBm
Agg Interference * T;I:_Z::ve' #of Avg Max
. Threshold (dBm) Interference | Duration of | Interference
RX C/No Degradation (based on ) period) that
JPLoonduction testing) {int power at e fircria Events c\.(er Interferenc Event
output of GPS RX Excasds 10-day sim e Event Duration
antenna) Threshald period {min} {min)
IGOR (Lost Lock) -46.000 0.009 11.000 0.112 0.367
-47.000 0.074 59.000 0.180 0.800
IGOR (5dB;P2) -48.000 0.217 80.000 0.330 2.167
IGOR (5 dB; C/A) -49.000 0.384 53.000 0.595 3.533
-50.000 0.595 86.000 0.936 5.550
IGOR (1 dB; P2) IGOR({5dB;P1) -51.000 0.829 105.000 1.137 5.767
-52.000 1.154 136.000 1.222 6.033
IGOR (3 dB; C/A) -53.000 1.531 156.000 1.413 7.617
IGOR (3dB; P1) -54.000 1.918 157.000 1.760 8.233
-55.000 2.297 158.000 2.0%4 8.500
-56.000 2.652 165.000 2.314 9.783
IGOR (1 dB; C/A) -57.000 3.033 152.000 2.873 10.600
-58.000 3.414 157.000 3.131 10.750
IGOR (1 dB; P1) -59.000 3.787 185.000 2.348 11,483
-60.000 4.150 153.000 3.306 11.683
-61.000 4.477 135.000 4.638 12.017
-62.000 4.800 145.000 4,767 12.433
-63.000 5.131 147.000 5.027 12.683
-64.000 5.452 163.000 4.817 13.3250
-65.000 5.851 193.000 4.366 13.700
-66.000 6.262 205.000 4.339 13.917
TRIG (Lost Lock; C/A & P1 & P2) -67.000 6.696 225.000 4.285 14.167
-68.000 7.135 240.000 4.281 15.167
-69.000 7.601 257.000 4,255 16.117
-70.000 8.084 264.000 4.409 16,717
-71.000 8.554 275.000 4415 16.950
-72.000 9.059 268,000 4.867 16.983
TRIG (5 dB; P1) -73.000 9.491 258.000 5.297 17.083
TRIG (5 dB; P2) -74.000 9.878 254.000 5.600 17.150
TRIG (5 dB; C/A) -75.000 10.252 266.000 5.550 17.283
-76.000 10.624 247,000 6.154 17.600
TRIG (3 dB; P2) -77.000 10.978 243.000 6.506 17.733
TRIG (3dB; C/A) TRIG {1 dB; P2} -78.000 11.325 244,000 6.683 17,733
-79.000 11.647 244,000 6.874 17.750
TRIG (3 dB; P1) -80.000 11.812 235.000 7.177 17.783
-81.000 12.170 258.000 6.793 17.983
TRIG (1dB; C/A & P1) -82.000 12.459 257.000 6.981 19.033
-83.000 12.712 258.000 7.095 15.033
-84.000 12.985 259.000 7.219 20.067
-85.000 13.269 255.000 7.4393 20.067
-300.000 15.749 175.000 12.960 25,300
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Table 6-8. Interference Results for RO GPS RX Onboard COSMIC-2 Satellite (800 km/72°
orbit) With Earth Limb Pointed Array Antenna (5° elevation mask on base stations/42 dBW
EIRP)

L5Q Interference Resuits for JPL Occultation GPS Receiver
GPS RX Onboard COSMIC Satellite in 800 km/72° Orbit ]
Two LSQ channels per sector @ 42 dBW max EIRP per channel
5° Elevation Mask on LSQ Base Stations
Peak Interference Level = -50.2 dBm
Agg Interference % Till:‘::um #of Avg Max
, Threshold (dBm) Interference | Duration of | Interference
RX C/No Degradation (based on : period) that
JPLconduction testing) bk powerdt Interference Soanisnyen || eiseng Ever_ﬂ
output of GPS RX Sxraads 10-day sim e Event Duration
antenna) Threshald period {min} {min}
IGOR [Lost Lock) -46.000 0.000 0.000 0.000 0.000
-47.000 0.000 0.000 0.000 0.000
IGOR (5dB;P2) -48.000 0.000 0.000 0.000 0.000
IGOR (5 dB; C/A) -49.000 0.000 0.000 0.000 0.000
-50.000 0.000 0.000 0.000 0.000
IGOR (1 dB; P2) IGOR(5dB;P1) -51.000 0.082 18.000 0.653 1.733
-52.000 0.236 23.000 1.478 2.983
IGOR (3 dB; C/A) -53.000 0.429 41.000 1.506 3.7
IGOR (3dB; P1) -54.000 0.684 57.000 1.727 5.933
-55.000 0.918 52.000 2.542 6.433
-56.000 1.210 56.000 3.111 7.033
IGOR (1 dB; C/A) -57.000 1.502 57.000 3.795 7.983
-58.000 1.817 81.000 3.230 8.150
IGOR (1dB; P1) -59.000 2.069 76.000 3.921 8.433
-60.000 2.355 79.000 4.292 8.917
-61.000 2.655 75.000 5.097 9.583
-62.000 2.994 94.000 4.586 9,850
-63.000 3.328 95.000 5.044 10.467
-64.000 3.578 94.000 5.481 11.067
-65.000 3.844 110.000 5.032 11.450
-66.000 4.113 111.000 5.335 11.533
TRIG (Lost Lock; C/A & P1 & P2) -67.000 4.420 107.000 5.948 11.533
-68.000 4.697 121.000 5,589 11.750
-69.000 4,982 127.000 5.649 12.750
-70.000 5.275 128.000 5.934 13.217
-71.000 5.562 121.000 6.619 13.717
-72.000 5.853 134.000 6.290 14.083
TRIG (5 dB; P1) -73.000 6.116 132.000 6.672 14.350
TRIG (5 dB; P2) -74.000 6.410 143.000 6.455 14.350
TRIG (5 dB; C/A) -75.000 6.703 165.000 5.850 14.433
-76.000 7.024 174.000 5.813 14.733
TRIG (3 dB; P2) -77.000 7.293 186.000 5.646 15.267
TRIG (3 dB; C/A) TRIG (1 dB; P2) -78.000 7.615 208.000 5.272 15.267
-79.000 7.936 192.000 5.952 15.267
TRIG (3 dB; P1) -80.000 8.217 152.000 6.163 15.433
-81.000 8.473 200.000 6.101 15.517
TRIG {1dB; C/A & P1) -82.000 8.743 205.000 6.141 15.583
-83.000 8.984 211.000 6.131 15,583
-84.000 9.212 212.000 6.257 15.583
-85.000 9.474 218.000 6.258 15.600
-300.000 12,180 189.000 9.280 21.683
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Table 6-9. Interference Results for GPS RX Onboard LEOSAT (400 km/72° orbit) With Zenith

Pointed Choke Ring Antenna (0° elevation mask on base stations/42 dBW EIRP)

Two LSQ channels per sector @ 42 dBW max EIRP per channel

LsqQ Interference Results for JPL GPS Receiver with Zenith Pointed 7 dBic Choke Ring Antenna
GPS RX Onboard LEO Satellite in 400 km/72° Orbit

0° Elevation Mask on LSQ Base Stations
Peak Interference Level =-68.1 dBm

% Time {over

Agg Interference 10-day # of Avg
. Threshold (dBm) _ Interference | Duration of | Max Interference
RX C/No Degradation (based on ) period) that )
JPLeondiittion tasting) (int power at Interfurnncs Events oyer Interferenc| Event D_uratmn
output of GPS RX s 10-day sim e Event {min)
antenna) threshold period (min)

TRIG (Lost Lock; C/A & P1 & P2) -67.000 0.000 0.000 0.000 0.000
-68.000 0.000 0.000 0.000 0.000

-69.000 0.161 80.000 0.290 1.467

-70.000 0.601 183.000 0.473 4.717

-71.000 1.517 364.000 0.600 8.300

-72.000 2.980 322.000 1.332 11.533
TRIG (5 dB; P1) -73.000 3.915 257.000 2,193 13.067
TRIG (5 dB; P2) -74.000 4.651 290.000 2.309 13.133
TRIG (5 dB; C/A) -75.000 5.387 264.000 2.938 13.583
-76.000 6.160 297.000 2.986 14.083
TRIG (3 dB; P2) -77.000 6.820 200.000 4.911 14.667
TRIG (3 dB; C/A) TRIG (1 dB; P2) -78.000 7.177 211.000 4,898 14.750
-79.000 7.551 225.000 4,832 14.967

'TRIG (3 dB; P1) -80.000 7.974 240.000 4,785 15.650
-81.000 8.319 210.000 5.704 17.267

TRIG (1dB; C/A & P1) -82.000 8.620 179.000 6.935 17.733
-83.000 8.896 197.000 6.503 17.933

-84.000 9.103 151.000 8.681 18.083

-85.000 9.186 122.000 10.842 18.083
-300.000 15.327 165.000 13.377 25.167
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Table 6-10. Interference Results for GPS RX Onboard LEOSAT (400 km/72° orbit) With Zenith
Pointed Choke Ring Antenna (5° elevation mask on base stations/42 dBW EIRP)

LSQ Interference Results for JPL GPS Receiver with Zenith Pointed 7 dBic Choke Ring Antenna

GPS RX Onboard LEO Satellite in 400 km/72° Orbit I

Two LSQ channels per sector @ 42 dBW max EIRP per channel

5° Elevation Mask on LSQ Base Stations

Peak Interference Level =-71.3 dBm

% Time (over
Agg Interference . #of
) Threshold (dBm) 10-day period) Interference | Avg Duration | Max Interference
RX C/No Degradation (based on _ that )
JPLiconduction testing) (int power at interference Events O\fer of Interference| Event Dgratlon
output of GPS RX Exceils 10-day sim Event {min) {min)
antenna) Theashold period

TRIG (Lost Lock; C/A & P1 & P2) -67.000 0.000 0.000 0.000 0.000
-68.000 0.000 0.000 0.000 0.000
-69.000 0.000 0.000 0.000 0.000
-70.000 0.000 0.000 0.000 0.000
-71.000 0.000 0.000 0.000 0.000
-72.000 0.147 15.000 1.407 2.383

TRIG (5 dB; P1) -73.000 0.493 60,000 1.184 3.867

TRIG (5 dB; P2) -74.000 1.107 55.000 2.893 7.283

TRIG (5 dB; C/A) -75.000 1.793 103.000 2.507 8.083
-76.000 2.389 105.000 3.276 9.217

TRIG (3 dB; P2) -77.000 3.050 122.000 3.600 9.617

TRIG (3 dB; C/A} TRIG (1 dB; P2) -78.000 3.529 89.000 5.710 10.633
-79.000 3.927 100.000 5.655 10.850

TRIG (3 dB; P1) -80.000 4.247 94,000 6.506 11,100
-81.000 4.538 96.000 6.809 11.367

TRIG (1dB; C/A & P1) -82.000 4.790 92.000 7.497 11.633
-83.000 5.062 118.000 6.177 11.967
-84.000 5.361 104.000 7.423 12.183
-85.000 5.609 104.000 7.767 13.000
-300.000 11.515 167.000 9.929 21.450
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Figure 6-10. Separation Distance Contours for TRIG and Interference Threshold = -82 dBm (1
dB C/No degradation)
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Figure 6-11. Separation Distance Contours for IGOR and Interference Threshold = -57 dBm (1
dB C/No degradation)

6-21
DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited



DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited

- ; -
o | ~
Yy " 4 '
l.ﬂ/ . .
| o .‘ ) o v )
'\ J \ ; S
¢ g N
w~_ [ ' ‘_//Ili
B P
0 =
AT O
— ;]
e Eardd HATA trérgban sed syt
v Satindbd ATA (0hm)

Figure 6-12. Separation Distance Contours for Receiver #15 and Interference Threshold = -54
dBm (1 dB C/No degradation)
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Figure 6-13. Separation Distance Contours for Receiver #16 and Interference Threshold = -68
dBm (1 dB C/No degradation)
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Table 6-11. Exclusion Areas for LightSquared Las Vegas Deployment for Different Propagation

Models

Note: Values are total area in which interference exceeds the 1 dB C/No degradation thresholds
(-56/-68 dBm) for Receivers #15 & #16

Propagation Model

Rx#15 1dB C/No
degradation threshold

Rx#16 1dB C/No
degradation threshold

-56 dBm -68 dBm
Free-Space Loss 2008 km~2 3529 km~2
Walfisch-lkegami
' & 532.1 kmA2 1478 kmA2
(LOS)
NTIA/ITM (50%
N, ( 632 kmA2 1420 kmA2
confidence)
Hata (open area) 424 kmn2 1123 km~2
Hata (suburban) 32.4 kmn2 154.8 kmA2
Hata (small-med city) 5.3 kmA2 34.9 kmA2
Hata (large city) 5.3 kmA2 34 kmA"2
Extended Hat
S ° 4 kmA2 28.1 kmA2
(suburban-med city)
Extended Hat
" . 2.6 kmA2 18.3 kmA2
(urban)
FAA Simulation

Impact of LightSquared Emissions on Aviation

Following charts show impact for the LightSquared planned initial deployment of terrestrial base

stations.

Assumptions

e Effective isotropic radiated power (EIRP) of 62 dBm/sector
o Based upon LightSquared’s stated plans
o Importantly, the FCC has authorized 10x higher EIRPs

e Base station antenna gain patterns provided by LightSquared

e Free-space propagation modeling
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What LightSquared Received Power Levels are Harmful?

FAA TSOs and ICAO SARPs both require that avionics meet all performance requirements for
interference levels less than -86.4 dBm* at the LightSquared upper frequency of 1552.7 MHz

e Only require that avionics do not output hazardously misleading information with
interference beyond this level

Avionics tests
e [Initial testing conducted, more rigorous testing underway

e Small sample size: ~half-dozen certified receiver models owned by FAA (vs many dozen
models fielded)

e [ east robust receiver to LightSquared emissions based upon initial tests was Receiver #2 —
significant degradation at -64 dBm and failure to produce a position output at -47 dBm

e The popular Receiver #3 began to degrade at -54 dBm and failed to produce a position
output at -37 dBm

*All power levels mentioned in this subtask report are referenced to the output port of the
passive airborne antenna element

Analysis Approach

For a grid of latitude/longitudes at each stated altitude, the total power received from all visible
LightSquared base stations was computed:

e Base station patterns on following chart

e Airborne GPS antenna gain pattern shown on subsequent chart
e Free space path loss

e 4/3-Earth radius model used to determine visibility

e 0.5 degree grid used for CONUS-level charts

Contours depict where total received interference exceeds either maximum tolerable level from
avionics standards or a level determined to cause degradation from initial characterization
testing.
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Tongyu TDJ-151717DE-65F with 2
degree electrical downtilt

Maximum gain = 16.51 dBi

Figure 6-14. Base Station Gain Patterns
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Analysis utilized “CAT " pattern shown above from RTCA DO-235B

Figure 6-15. Airborne Antenna Gain Pattern
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LightSquared base station location
- Emissions exceed FAATSO C145/146/196 test level (-86.4 dBm)
B >1-dB SNR degradation for Receiver #2 (-64 dBm)

Maximum interference level =-34.0 dBm

Figure 6-16. Initial LightSquared Deployment (2391 of 40000+ Towers)
Aircraft at 200’

LightSquared base station location
- Emissions exceed FAATSO C145/146/196 test level (-86.4 dBm)
B >1-dB SNR degradation for Receiver #2 (-64 dBm)

Maximum interferencelevel = -34.5dBm

Figure 6-17. Initial LightSquared Deployment (2391 of 40000+ Towers)
Aircraft at 250’
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LightSquared base station location
B Enmissions exceed FAATSO C145/146/196 test level (-86.4 dBm)
B >1-dB SNR degradation for Receiver #2 (-64 dBm)

Maximum interference level = -35.2 dBm

Figure 6-18. Initial LightSquared Deployment (2391 of 40000+ Towers)
Aircraft at 350’

LightSquared base station location
Bl Enmissions exceed FAA TSO C145/146/196 test level (-86.4 dBm)
I >1-dB SNR degradation for Receiver #2 (-64 dBm)

Maximuminterferencelevel =-35.3 dBm

Figure 6-19. Initial LightSquared Deployment (2391 of 40000+ Towers)
Aircraft at 400’

6-27
DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited



